CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS, AND ACRONYMS

INTRODUCTION
The Manati quadrangle area lies within the north coast limestone region (Monroe, 1980) , which includes about 700 square miles of northern Puerto Rico and extends eastward from Rincon in the western part of the island to Loiza, a distance of about 85 miles ( fig. 1 ). Three hydrogeologic units are present in the Manati quadrangle: an upper aquifer contained in the Aymamon and Aguada Limestones of early Miocene age (fig. 2) ; a middle confining unit consisting of the upper member of the Cibao Formation of early Miocene age; and a lower aquifer in the Lares Limestone of Oligocene age (Rodriguez-Martmez, 1995) .
The upper aquifer is the principal source of water supply in the study area. Ground water in the upper aquifer is mostly unconfined and exists as a lense of freshwater floating above a wedge of saline water and thinning toward the coast. The freshwater part of the aquifer is thickest within the Aguada Limestone where it could be as much as 300 feet thick. Within the Aymamon Limestone the thickness of the freshwater column ranges from less than 200 feet to zero at the coast. Ground-water withdrawals in the study area are Figure 1 . Generalized geologic map of the north coast limestone region of Puerto Rico.
mostly limited to areas north of latitude 18°25'00" N, where the Aymamon Limestone and Aguada Limestone become saturated and constitute the upper aquifer. South of this latitude only a few shallow wells exist and these are probably screened in the Quebrada Arenas Limestone member of the Cibao Formation.
The Manati area has been subjected to extensive agricultural, industrial, and urban development. In order to provide baseline data related to water-quality conditions in the area, the U.S. Geological Survey, in cooperation with the Puerto Rico Environmental Quality Board, the Puerto Rico Aqueduct and Sewer Authority, the Puerto Rico Department of Natural and Environmental Resources and other agencies of the Commonwealth of Puerto Rico, conducted a synoptic ground-water quality survey from August 25 to November 12, 1992.
Purpose and Scope
The purpose of the synoptic water-quality survey was to obtain data on the quality of ground water within the Manati quadrangle, Puerto Rico. The water-quality survey covers primarily an area of approximately 20 square miles of the upper aquifer (area north of latitude 18°25' N). However, the study area includes areas where wells tap the Quebrada Arenas Limestone, the Lares Limestone or the alluvial valley at inland parts of the quadrangle. The results from this survey are expected to be of use to water resources managers and planners, and to hydrologists for future reference and studies.
Water samples collected at 31 sites (29 wells, one spring, and one creek) were analyzed for temperature, specific conductance, pH, alkalinity (as calcium carbonate, dissolved constituents (cations, anions, and silica), nutrients (nitrite, nitrate plus nitrite, ammonia, phosphorous and ortho-phosphorus), total organic carbon, trace metals, organochlorine insecticides and related compounds, organophosphorus insecticides, volatile organic chemicals, semivolatile compounds (base, neutral and acid methylene chloride extractable) and selected stable isotopes (oxygen-18, deuterium, nitrogen-15 and sulfur-34) . Sampling sites, well characteristics and water-quality properties and constituents analyzed in the laboratory are listed in table 1.
Methods and Procedures
Water samples were collected at 31 sites, including 19 active public-water supply wells, six intermittently pumping wells (one industrial, three agricultural, and two livestock use wells), four unused wells (one flowing artesian well and three wells equipped with turbine pumps), one spring, and one small losing stream that recharges the aquifer south of latitude 18°25'00" N ( fig. 3 ). Water samples collected from wells were obtained at or near the well-head and prior to chlorination. Intermittently pumped wells and unused wells were sampled within a period which did not exceed 30 minutes after the pump was turned-on. Pumping time constraints imposed either by the well owner or by on-site discharge facilities limited the sampling period.
Detailed information on the procedures and methods used for on-site measurements, collecting, treating, shipping samples, and laboratory analyses are given in the following U.S. Geological Survey publications "Techniques of Water-Resources Investigations of the U.S. Geological Survey" Book 1, Chap. D2 and; Book 5, Chap. Al and A3. Field measurements for temperature, specific conductance, and pH were determined during pumping at the nearest discharge tap from the well head. Samples for the analyses of alkalinity, the common constituents, nutrients, trace metals, and stable isotopes were withdrawn from a churn splitter (a container commonly used to obtain representative sub-samples) filled at the point of sampling. Samples for the analyses of insecticides, organic compounds (volatile and semivolatile) and total organic carbon were collected directly into sample containers at the well-discharge points. Sample treatment and preservation was conducted on-site following standard USGS procedures. The samples were shipped to and analyzed at the U.S. Geological Survey Central Laboratory in Arvada, Colorado. Analytical results indicated as "dissolved" or "filtered sample" correspond to samples filtered through a 0.45 micron filter.
RESULTS
Analytical results of the field and laboratory measurements of selected physical properties, major ions, nutrients, and total organic carbon are summarized in Table 2 . Major ions, nutrients, total organic carbon, and physical properties at selected surface-and ground-water sampling sites in the Manatf quadrangle, Puerto Rico [SC, specific conductance; |aS/cm, microsiemens per centimeter; pH, whole water field determinations; Temp, water temperature; °C, degrees Celsius; mg/L; milligrams per liter; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; HCO3 , bicarbonate, field end-point titration whole water sample; , no data available; ( Table 2 . Major ions, nutrients, total organic carbon, and physical properties at selected surface and ground-water sampling sites in the Manatf quadrangle, Puerto Rico-Continued V  <6  <6  8  <6  7  <6  <6  <6  6  <6  6  <6  <6  <6  <18  <6  <6  <6  <6  <6  6  <6  <6  <6   Zn   19  6  19  10  8  7  6  14  11  3  6  30  5  15  15  5  10  10  7  4  13 6 <3 .10
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II. Organophosphorus pesticides Table 6 . Stable isotope analyses at selected ground-water sampling sites in the Manatf quadrangle, Puerto Rico [O-18, oxygen-18; H-2 deuterium; N-15, nitrogen-15; S-34, sulfur-34; O-18 and H-2 
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